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PURPOSE: To measure the best focus position of a 
projection optical system, only by performing exposure 
without changing the focus position of a photosensitive 
substrate. 

CONSTITUTION: A^ firsFpat t'jpn 24 and a^seconcLpatteYn Z> 
25 on a mask 17A are irradiated vwth ^ex posure li ghtsJIZI 
and IL2, respectively, which have diffel^riniglirTatiorr ^^ 

f-aTig jef) of principal rays to the optical axis of a 
projection optical system 19. Thus the images of the 
patterns 24, 25 are projected on the exposure surface on 
a surface 27. The interval D2 betwee n the images of the 
patterns 24 and 25 is measured. TbKSMbaj£.aniQwL AF-> 

^ is-HDbtained'-byn^ the interval * ^ 

D2 7 -and^gYlI3ifQ.c.us— amo4jnt--Af : ^- which relation is - 
previously obtained. 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 



1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 

3 .In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] How to ask the position of the best image-formation side of the aforementioned projection 
optical system of the projection aligner which has the lighting optical system which is characterized by 
to provide the following, and which illuminates the mask with which the pattern for an imprint was 
formed with exposure light, the projection optical system which project the image of the pattern for the 
aforementioned imprint on a sensitization substrate, and the substrate stage which lay the 
aforementioned sensitization substrate and position the aforementioned sensitization substrate in the 
direction of an optical axis of the aforementioned projection optical system. The 1st process which uses 
the mask with which the 1st pattern and the 2nd pattern were formed at intervals of predetermined as the 
aforementioned mask, illuminates the 1st pattern of the above, and the 2nd pattern with the exposure 
light from which the tilt angle of a chief ray differs, respectively, and exposes the image of the 1st 
pattern of the above, and the 2nd pattern on the aforementioned sensitization substrate. The 2nd process 
which measures the interval of the image of the 1st pattern of the above, and the 2nd pattern. The 3rd 
process which asks for the interval and direction of [ from the position of the aforementioned 
sensitization substrate when exposing the image of the 1st pattern of the above, and the 2nd pattern to 
the best image formation side of the aforementioned projection optical system ] from a relation with the 
interval of the image of the interval and the amount of defocusing which were measured at this 2nd 
process, the 1st pattern of the above, and the 2nd pattern. 

[Claim 2] How to ask the position of the best image-formation side of the aforementioned projection 
optical system of the projection aligner which has the lighting optical system which is characterized by 
to provide the following, and which illuminates the mask with which the pattern for an imprint was 
formed with exposure light, the projection optical system which project the image of the pattern for the 
aforementioned imprint on a sensitization substrate, and the substrate stage which lay the 
aforementioned sensitization substrate and position the aforementioned sensitization substrate in the 
direction of an optical axis of the aforementioned projection optical system. The 1st process which a 
chief ray illuminates the predetermined pattern on the aforementioned mask with the exposure light of 
the 1st tilt angle, and exposes the image of the aforementioned predetermined pattern on the 
aforementioned sensitization substrate. The 2nd process which illuminates the predetermined pattern on 
the aforementioned mask with the exposure light of the 2nd tilt angle in which a chief ray differs from 
the 1st tilt angle of the above, and exposes the image of the aforementioned predetermined pattern on the 
aforementioned sensitization substrate. The 3rd process which measures the interval of the image of a 
pattern predetermined [ aforementioned ] exposed at the 1st process of the above, and the image of the 
aforementioned predetermined pattern exposed at the 2nd process of the above. The 4th process which 
asks for the interval and direction of [ from the position of the aforementioned sensitization substrate 
when exposing the image of the aforementioned predetermined pattern from a relation with the interval, 
and the amount of defocusing and the aforementioned interval measured at this 3rd process to the best 
image formation side of the aforementioned projection optical system ]. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention is applied when asking for the best focus position of the 
projection optical system of the projection aligner used in case a semiconductor device, a liquid crystal 
display element, or the thin film magnetic head is manufactured at a lithography process, and it relates to 
the suitable best focus measurement method. 
[0002] 

Pescription of the Prior Art] For example, in case a semiconductor device, a liquid crystal display 
element, or the thin film magnetic head is manufactured at a lithography process, the projection aligner 
which carries out image formation of the image of the pattern of a photo mask or a reticle (it is named a 
"reticle" generically below) on a sensitization substrate through a projection optical system is used. In 
this projection aligner, in order to expose the pattern of a reticle on a sensitization substrate in high 
resolution, it is necessary to expose in the state where the sensitization substrate was made to agree 
within the limits of the depth of focus to the best image formation side (best focus side) of a projection 
optical system. For that purpose, it is necessary to ask by a certain method, the position, i.e., the best 
focus position, of a best focus side of a projection optical system. 

[0003] Changing the position (henceforth "a focal position") of the sensitization substrate to a projection 
optical system as the measurement method of the conventional best focus position, one by one, a 
predetermined pattern is exposed on the sensitization substrate, and the method of making the focal 
position where image formation of the most detailed pattern is carried out by dissociating a best focus 
position is learned. And when exposing the circuit pattern actually made applicable to an imprint 
(henceforth a "real element pattern"), exposure is performed where a sensitization substrate is set as the 
best focus position which the focal position was changed and asked for it, using the predetermined 
pattern. In addition, changing a focal position, a specific pattern is exposed on a sensitization substrate 
and the way change of the configuration of the exposed pattern makes the fewest focal position a best 
focus position is also learned, 
[0004] 

[Problem(s) to be Solved by the Invention] In the above conventional measurement methods, in order to 
ask for a best focus position, the focal position surely needed to be changed and the predetermined 
pattern needed to be exposed. However, in measuring by changing a focal position and repeating 
exposure, there was un-arranging [ that measurement time became long ]. 

[0005] Moreover, even when a focal position is fixed and it exposes a real element pattern once asking 
for a best focus position, the best focus position of a projection optical system may change with 
absorption of the irradiation energy of exposure light etc. gradually. Thus, if a best focus position 
changes and a faulty lot is generated, although it will be necessary to reask for a best focus position 
again, in performing re-measurement of a best focus position by the conventional measurement method, 
there is un-arranging [ that time loss is very large ]. 

[0006] this invention aims at offering the best focus measurement method which can perform 
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o^ticT^ by this invention The lighting 

exposure light (1 1-16), The projectio ™tic 1 l^^^T^ ***** Was foraied with 
impnn on a sensitization substrate (21) (19) In t £ m^nW ^P" ^ lmge of ^ P attem ** the 
formation side of the projection optical system f ° r ±e position of the best image 

stage (20) which lays a sensitizati™ S S^^ which the substrate * 

direction of an optical axis of a p^ecdc^^J^^ * sensitl f a f on substrate (21) i n me 
mask (17A) with which the 1st pattern f24W,H tK T ( } F ° r example > as shown in «nel the 
predetermined as a mask (1 7) l ufe^\^~^^S 25 ) were formed at interv^s~of ' 

afOTementioned sensitizattoslib-slafe The ^ ** 3ad *«tte^~$^tt^ 

^^H*^^ me f ures the interv^fof the image 

interval (D2) and the amount of deSg SdSTwhS, ^ ° f th * ima ^ * ^ 

pattern 24), ^ me 2nd ftK^S^S XchTLT' ? ^ ^ pr0C6SS > ls * 

[ from the portion of the sensitization substrate n iK &Sk f f ° r the lnterval and Section of 
and the 2nd pattern (25) to the best ^3 * hen 5 x Posmg the image of the 1st pattern (24) 
[0008] Moreover, tli 2nd best t^S^^^^ V** **» (19) ] (M) 
wh^ illumina^ the mask (17) with which Z p, IZ ffor an ^£7*° f ^ ^ ° ptical 
(1 1 -16), The projection optical system which Droier^hl f P JT WaS fonned with ex Posure light 
sensitization substrate (21) (19) In the method nf !?■ V^f ° f the pattera for the imprint on a 
side of the projection optical sy^%w^?^ f °; the P°f °* of the best image formation 
which lays a sensitization subsLte (2 ) and tsSS? aligner which has the substrate stage (20? 
optical axis of a projection optical ii^lS^^TfT in ** Action of an 

llummates the predetermined pattern (28) on themTl ?™ * i Pr °?? ^ Ch a chief ra y 
(IL3) of the 1st tilt angle, and exposes the i™^ nf f * ^ mask < 17 with the exposure light 

substrate (21) as shown in dr^ ^ffi^^. 1 ^ (28 ^ 0n a -nsftization 8 
on a mask (17B) with the ^^M^S^J^ i«uminates the predetermined pattern (28) 
1st ultan gle , and exposes the image rfaSS^K^fc 1 WhlCh a cMef ^ £° 
^«Ma2cg5*^^ substrate (21) 



pattern (25) are formed in a mask (17^TnTsSmo 772^ ^ 1St pattem ^ 2nd 
exposure hght IL 2 which has the chief ray Z^&^t ^ P f "* (25) is iHumina * d by the 
the optical axis of a projection optical systemTlS? In*?. 7 ^ ang,e theta 2 inclined as opposed to 
substrate (21) shall be on the field (27) wh ch eptated on "h' ? e c ? posure sid * of a sensitization 
(26) of a projection optical system losing heTcale fac or nif ^ beSt image fo ™«™ 
toe, since it is easy. And the next relation ^^^f-fJT 1 ^ ^ SyStera ^ as 1 
formation position of the 2nd pattern (25) o^ tL beTttT^ f 3m0Unt ° f gaps of the ^4 

position wh ch the 2nd pattern(25) on a fidd ^S^T^ (26) «* *° image Nation 
D3-deltaFxtantheta TOO 1 01 In orrW to ™„ r " ei0 ^ usecl JS set to D3 . 
between the tilt angle of S^I f™» of deltatheta shaJl be 

exposure light (ILl) which illuminates the 1st pattern (24), 
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and the tilt angle of the chief ray of the exposure light (IL2) which illuminates the 2nd pattern (25). And 
when the interval of the image of the 1st pattern (24) on Dl and a field (27) and the image of the 2nd 
pattern (25) is set to D2 for the interval of the image of the 1 st pattern (24) on the best image formation 
side (26), and the image of the 2nd pattern (25), there is the next relation in approximation. 
D2=Dl+delta Fxtandeltatheta [001 1] Since it can ask for the interval Dl from the interval of the 1st 
pattern (24) on a mask (17A), and the 2nd pattern (25), amount of defocusing deltaF is conversely 
computable from the following formula by asking for the tangent tandeltatheta of difference deltatheta 
of the tilt angle of both chief rays beforehand. Therefore, it can ask for the position of the best image 
formation side, without changing a focal position. 

deltaF=(D2-Dl)/tandeltatheta [0012] Next, it explains per principle of the 2nd best focus measurement 
method of this invention. Drawing 2 shows the optical system corresponding to this invention, and the 
predetermined pattern (28) is formed in the mask (17B) in drawing 2 (a). The exposure side of a 
sensitization substrate (21) shall be on the field (27) which separated only deltaF from the best image 
formation side (26) of a projection optical system (19), using the scale factor of a projection optical 
system (19) as 1 time also in this case, since it is easy. And a chief ray exposes the pattern (28) to the 
exposure side on a field (27) first with the exposure light (IL3) toward which only the angle theta 3 
inclined to the optical axis of a projection optical system (19). Then, a chief ray exposes the pattern (28) 
in piles to the exposure side on a field (27) with the exposure light (IL4) toward which only the angle 
theta 4 (it considers as a reverse sign with an angle theta 3) inclined to the optical axis of a projection 
optical system (19). 

[0013] In this case, although the image of the pattern (28) is exposed by the same position in the best 
image formation side (26), in the field (27), it is separated [ only from the interval D4 ] of the image and 
the image of the pattern at the time of the 2nd exposure (28) of the pattern at the time of the 1st exposure 
(28). The interval D4 is expressed as follows. 
D4=deltaFx (tantheta3+tantheta4) 

Therefore, it can ask for the amount of defocusing deltaF by asking for the tangent of the tilt angle theta 
3 of the chief ray at the time of the 1st exposure, and the tangent of the tilt angle theta 4 of the chief ray 
at the time of the 2nd exposure beforehand, and measuring the interval D4. 
[0014] 

[Example] Hereafter, with reference to drawing 3 and drawing 4 , it explains per example of the best 
focus measurement method by this invention, this example applies this invention, when measuring the 
position of the best focus side of a projection optical system in a projection aligner. 
[0015] Drawing 3 shows the projection aligner of this example, and 1 1 is the light source for exposure 
light in this drawing 3 . As the light source 1 1 , a high pressure mercury vapor lamp or an excimer laser 
can be used. In using a high pressure mercury vapor lamp, after being condensed in the ellipse mirror 
EM, it carries out incidence of the exposure light injected from the light source 1 1 to the fly eye lens 12 
through the input lens by which the illustration ellipsis was carried out. Much secondary light sources 
are formed in the posterior (reticle side) focal plane of the fly eye lens 12, and the exposure light IL 
injected from these secondary light sources illuminates a reticle 17 with a uniform illuminance through 
the 1st relay lens 13, the projection-formula reticle blind 14, the 2nd relay lens 15, and the main 
condenser lens 16. The projection-formula reticle blind 14 and the pattern formation side of a reticle 17 
are conjugate, and the lighting field on a reticle 17 is set up by the projection-formula reticle blind 14. 
Moreover, although the gobo 24 is shown by drawing 3 , a gobo 24 is not used in this example. 
[0016] Under exposure light, the image of the pattern 18 formed in the pattern formation side of a reticle 
17 is imprinted on the exposure side of the wafer 21 laid on the wafer stage 20 through the projection 
optical system 19. The posterior focal plane of the fly eye lens 12 is conjugate mostly with the pupil 
surface of a projection optical system 19. The wafer stage 20 consists of Z stages which set up in the X- 
Y stage which positions a wafer 21 in the arbitrary positions within a field perpendicular to the optical 
axis of a projection optical system 19, and a direction parallel to the optical axis of a projection optical 
system 19, the position, i.e., the focal position, of an exposure side of a wafer 21 . 
[0017] Moreover, in this example, the autofocus system for detecting the focal position of the exposure 
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side of a wafer 21 is prepared. The autofocus system consists of light transmission system 22a which 
projects aslant the image of the detection pattern of the shape for example, of a slit on the exposure side 
of a wafer 21 to the optical axis AX of a projection optical system 19, and light-receiving system 22b 
which receives the reflected light from the exposure side, and carries out re-image formation of the 
image of the detection pattern. If the focal position of the exposure side of a wafer 21 changes, since the 
position of the image of the detection pattern by which re-image formation is carried out changes, 
change of a focal position is detectable. The photodetector which generates the focal signal which 
changes according to the position of the detection pattern by which re-image formation was carried out 
is built into light-receiving system 22b, and the focal position of the exposure side of a wafer 21 can be 
maintained to a position by driving the Z stage in the wafer stage 20 so that the focal signal may be 
maintained by predetermined level. 

[0018] Moreover, since a focal signal changes almost linearly to change of a focal position within the 
limits of predetermined, change of a focal position can be conversely known from the level variation of 
a focal signal. Furthermore, the height sensor for detecting the position of the direction of an optical axis 
of a projection optical system 19 is built also into the Z stage in the wafer stage 20. 23 shows the wafer 
alignment system of an off-axis, and the wafer alignment system 23 detects the alignment mark formed 
near each shot field of a wafer 2 1 . In this case, based on the position of the alignment mark measured by 
the wafer alignment system 23, alignment of each shot field of a wafer 21 can be correctly performed by 
calculating, the interval of base lines, i.e., so-called amount, between the conjugate images of the 
detection center of the wafer alignment system 23, and the center of a reticle 17. Furthermore, the wafer 
alignment system 23 can also perform detection of various marks. 

[0019] Drawing 4 shows the expansion side elevation of the reticle 17 in drawing 3 , and forms the 
marks 18A and 18B for position measurement in the pattern formation side of the reticle 17 bottom at 
intervals of DR in the direction parallel to the space of drawing 4 in this drawing 4 . When the projection 
scale factor from the reticle 17 of the projection optical system 19 of drawing 3 to a wafer 21 is set to 
beta, the interval of the image of the marks 18A and 18B for position measurement on the best focus 
side'of a projection optical system 19 is beta-DR. Moreover, the phase type diffraction-grating pattern 
29 is formed in the direction parallel to the space of drawing 4 in Pitch P in the rear face of the forming 
face of the marks 18A and 18B for position measurement of a reticle 17, i.e., the upper surface of a 
reticle 17. Moreover, the diffraction-grating pattern 29 is arranged at the background of the field 
surrounding the marks 18A and 18B for position measurement so that the exposure light IL may not 
illuminate the marks 18A and 18B for direct position measurement, namely, only the primary [ **] 
diffracted light generated by the diffraction-grating pattern 29 may be irradiated by Marks 18 A and 18B 
supposing the case where the chief ray of the exposure light IL which illuminates the diffraction-grating 
pattern 29 is perpendicular to the diffraction-grating pattern 29. 

[0020] The diffraction-grating pattern 29 forms line [ of Pitch P ] -, and - space pattern by the so-called 
SOG (spin-on glass) on the glass substrate which is the main part of a reticle 17, and SOG is the pattern 
of the thin film of silicon oxide (Si02). Pitch P is about 2 micrometers. In this example, generating of 
the zero-order diffracted light from the diffraction-grating pattern 29 and the secondary [ **] diffracted 
light is made as small as possible by adjusting the ratio of the width of face of the refractive index of the 
quality of the material of the diffraction-grating pattern 29, thickness, and the line section, and the width 
of face of the space section. Therefore, most exposure light which penetrates the diffraction-grating 
pattern 29 serves as the +primary diffracted light Bl and -primary diffracted-light B-2. 
[0021] In this case, if wavelength of the exposure light IL is set to lambda, the primary [ **] diffracted 
light Bl and the absolute value theta of each angle of diffraction of B-2 will fill the next relation. 
If sin theta=lambda/P and thickness of a reticle 17 are set to T, as shown in drawing 4 , -primary 
diffracted-light B-2 will not be illuminated by the field 30 of the width of face d which becomes settled 
by the following formula in the direction of inside from the edge of the diffraction-grating pattern 29. 
d=Ttantheta [0022] Then, in this example, one mark 18A for position measurement is arranged inside 
the field 30 of the width of face d. It means that this is illuminated by only the mark 18 A+primary 
diffracted light Bl for position measurement, the same ~ the object for position measurement of another 
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side - mark 18B is arranged inside the field illuminated by only - diffracted-light [ primary ] B-2 By 
this, as for the chief ray of the exposure light which illuminates the marks 18A and 18B for position 
measurement, only +theta and - theta will incline to the optical axis of a projection optical system 19, 
respectively. 

[0023] Drawing 3 is equipped with the reticle 17 of drawing 4 , the image of the marks 18A and 18B for 
position measurement of a reticle 17 is exposed on a wafer 21 through a projection optical system 19, 
and the interval D of the image of the marks 18A and 18B for these position measurement is measured 
after the development of a wafer 21 . What is necessary is to measure each position of the image of the 
marks 18A and 18B for position measurement using the wafer alignment system 23 of drawing 3 , and 
just to search for the difference of these positions, in order to measure this interval D. And the interval D 
of these images and the relation with the amount F of defocusing are beforehand memorized in the form 
of the following formula, using the amount of defocusing from the best focus side of a projection optical 
system 19 to the present focal position of the exposure side of a wafer 21 as F. 
[Equation 1] D=beta-DR+k 1 and F+k2 [0024] In this formula, a coefficient kl is a coefficient which 
can be expressed using the absolute value theta of the primary [ **] diffracted light B 1 of drawing 4 , 
and the angle of diffraction of B-2, and the scale factor beta of a projection optical system 19. Moreover, 
although a coefficient k2 is originally 0, when the interval of the marks 18A and 18B for position 
measurement has separated from DR, for example according to the manufacture error of a reticle 17, a 
coefficient k2 is set as values other than zero currently calculated beforehand. Furthermore, when a 
comparatively big level difference exists in a circuit pattern, for example like DRAM, according to a 
level difference, the value of the coefficient k2 may be changed in the value currently calculated 
beforehand, therefore — the (several 1) setting, and an unknown being the amount F of defocusing and 
actually measuring an interval D ~ the (several 1) — from — the amount F of defocusing can be 
calculated 

[0025] After that, the Z stage in the wafer stage 20 of drawing 3 is driven, and the exposure side agrees 
correctly in the best focus side of a projection optical system 19 by moving the exposure side of a wafer 
21 so that the amount F of defocusing may be negated. And if offset adjustment is performed so that the 
level of the focal signal outputted from light-receiving system 22b of an autofocus system at this time 
may be set to 0, auto-focusing of the exposure side of a wafer 21 can be performed on the basis of the 
focal signal after it. 

[0026] Next, with reference to drawing 5 , it explains per modification of the reticle 17 of drawing 4 . 
Drawing 5 shows reticle 17C and forms two marks 18C and 18D for position measurement also in the 
pattern formation side of reticle 17C at intervals of predetermined in the direction parallel to the space of 
drawing 5 . Moreover, in the rear face of the pattern formation side of reticle 17C, the phase type 
diffraction-grating pattern 29 is formed in the direction parallel to the space of drawing 5 in Pitch P at 
the range narrower than the interval of the marks 18C and 18D for these position measurement. Also in 
this example, it assumes that a chief ray carries out incidence of the exposure light IL in the state 
perpendicular to the diffraction-grating pattern 29, and the absolute value of the angle of diffraction of 
the ^primary diffracted light Bl from the diffraction-grating pattern 29 and -primary diffracted-light B-2 
is set to theta. And if thickness of reticle 17C is set to T, as shown in drawing 5 , in the field 3 1 of width 
of face d (=Ttantheta), both exposure light IL which penetrated direct reticle 17C in the state where it 
was injected from the ^primary diffracted light Bl and lighting optical system will be irradiated in the 
direction of outside from the edge of the diffraction-grating pattern 29. 

[0027] Then, in this example, one mark 18C for position measurement is arranged inside the field 31 of 
the width of face d. It means that this is illuminated by both the mark 1 8 C+primary diffracted light B 1 
for position measurement, and the direct exposure light IL. the same - the object for position 
measurement of another side - mark 18D is arranged inside the field illuminated by both - diffracted- 
light [ primary ] B-2 and the direct exposure light IL Therefore, it sets to reticle 17C of drawing 5 . The 
chief ray B3 of the light which illuminates one mark 18C for position measurement It inclines outside at 
the angle near the vector sum of the chief ray of the exposure light IL, and the chief ray of the +primary 
diffracted light Bl, and the chief ray B4 of the light which illuminates mark 18D for position 
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measurement of another side inclines outside at the angle near the vector sum of the chief ray of the 
exposure light EL, and the chief ray of -primary diffracted-light B-2. Therefore, even when it equips with 
reticle 17C of drawing 5 instead of the reticle 17 of drawing 3 , since the marks 18C and 18D for 
position measurement will be illuminated with the exposure light from which the tilt angle of the chief 
ray over the optical axis of a projection optical system 19 differs, respectively, they can measure the 
amount of defocusing like the case where the reticle 17 of drawing 4 is used. 

[0028] Next, it explains per other examples of this invention. By this example, by performing double 
exposure, without changing a focal position shows how to measure the amount of defocusing in the 
projection aligner of drawing 3 . Moreover, unlike an above-mentioned example, by this example, it 
arranges free [ attachment and detachment of the gobo 24 which can cover the single-sided half 
centering on the optical axis AX of the flux of light of the exposure light IL to the posterior (reticle side) 
focal plane of the fly eye lens 12 of drawing 3 ]. 

[0029] Furthermore, in drawing 3 , the usual reticle which does not have a phase type diffraction grating 
in the upper surface as a reticle 17 shall be used, and the 1st mark for position measurement and the 2nd 
mark for position measurement which have measured the interval beforehand shall be formed in the 
pattern formation side of a reticle 17. In measuring the amount of defocusing in this example, it sets up 
opening of the projected type reticle blind 14 first so that only the 1st mark for position measurement on 
a reticle 17 may be illuminated. And it sets up so that only the right-hand side half of the flux of light of 
exposure light may pass through the position of a gobo 24, and the image of the 1st mark for position 
measurement is exposed on a wafer 21 . In this case, the chief ray of the exposure light which illuminates 
the 1st mark for position measurement inclines clockwise to the optical axis of a projection optical 
system 19. Next, opening of the projected type reticle blind 14 is setup so that only the 2nd mark for 
position measurement on a reticle 17 may be illuminated. And it sets up so that only the left-hand side 
half of the flux of light of exposure light may pass through the position of a gobo 24, and the image of 
the 2nd mark for position measurement is exposed in piles on a wafer 21. The chief ray of the exposure 
light which illuminates the 2nd mark for position measurement inclines counterclockwise to the optical 
axis of a projection optical system 19. 

[0030] The amount of defocusing at the time of exposure can be calculated by performing the 
development of a wafer 21, after exposure of both marks is completed, measuring the interval of the 
image of the 1st mark for position measurement, and the image of the 2nd mark for position 
measurement, and referring to the relational expression of the amount of defocusing calculated 
beforehand, and the interval of a mark image. In addition, when carrying out double exposure in this 
way, the 1st mark for position measurement and the 2nd mark for position measurement may be 
common marks. 

[003 1] in addition - the above-mentioned example ~ each - the chief ray of the lighting light of two 
marks for position measurement » mutual ~ a retrose ~ and conditions which intersect the optical axis 
of a projection optical system with the almost equal tilt angle were used However, if these chief rays are 
not parallel, since it is good, it is effective [ in short, there should just be a tilt-angle difference of these 
chief rays, namely, ] to also make only the chief ray of the lighting light of one mark for position 
measurement incline. Moreover, you may make it use the thing in which opening was formed in the 
position which carried out eccentricity to the optical axis of lighting optical system as a gobo 24 of 
drawing 3 . 

[0032] Moreover, as long as the pitch or the quality of the material of the diffraction-grating pattern 29 
which are formed in the reticle of drawing 4 and drawing 5 are not limited to the above-mentioned thing 
and can make the chief ray of exposure light incline, what thing is sufficient as them. Moreover, 
although the diffraction-grating pattern 29 was formed in the glass side of reticle 17 the very thing, you 
may make it arrange another diffraction-grating board in the example of drawing 4 and drawing 5 in the 
position which separated only the predetermined interval, for example from the reticle 17. Furthermore, 
angle-of-deviation prism is used instead of a diffraction grating, and you may make it change the 
inclination of the chief ray of the exposure light IL. Moreover, latent images, such as thermoplastics, 
may be used instead of using the resist image after development, and image pck-up elements (CCD etc.) 
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are further arranged on the wafer stage 20 of drawing 3 , for example, you may make it detect an above- 
mentioned position gap on pixel criteria. Thus, this invention can take composition various in the range 
which is not limited to the above-mentioned example and does not deviate from the summary of this 
invention. 
[0033] 

[Effect of the Invention] According to the 1st best focus measurement method of this invention, the 
amount of defocusing can be calculated using the interval of the image of the 1st pattern and the 2nd 
pattern. Therefore, there is an advantage which can measure the position (best focus position) of the best 
image formation side of a projection optical system only by exposing without changing a focal position. 
Therefore, since the focal position of a sensitization substrate is not right, when a faulty lot is generated 
temporarily, it can ask for a best focus position easily, and time loss becomes very small. 
[0034] The amount of defocusing can be calculated quickly, without similarly changing a focal position 
using the interval of the image obtained by the 1st exposure, and the image obtained by the 2nd 
exposure according to the 2nd best focus measurement method. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings any words are not translated. 
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